Information on the diets of wildlife is fundamental to understanding ecology in general, the relationships between prey and predator, and the foraging niches of species within an ecosystem (Morrison et al. 2006) . Data on diet also are important for effective population management because food, water, cover, and space are the habitat essentials for wildlife. In addition, most mammals vary their diets seasonally and annually due to changes in food abundance (e.g., Dobey et al. 2005; Fredriksson et al. 2006; Jędrzejewski and Jędrzejewska 1992; Mattson et al. 1991) . Understanding the interspersion of food and cover resources is required to evaluate the quality of habitats (Bookhout 1996) . Thus, yearround and long-term investigations of food habits are needed (Craighead et al. 1995; Koike 2010; Naves et al. 2006) .
Studies of dietary trends in long-lived mammals that are able to respond quickly to changes in food availability yield ecological insights. Long-term changes in diet composition can identify alterations in vegetation structure, plant distribution, and phenology caused by global warming, artificial adjustments in the environment, and the overabundance of specific organisms (Bowyer et al. 2003; Côté 2005; Derocher et al. 2004 ; Laidre and Jameson 2006; Rodríguez et al. 2007; Sato et al. 2004 ). Long-term dietary records for mammals helped clarify changes in habitat conditions, especially for low-density or endangered populations in need of rapid conservation measures (Naves et al. 2006) . Directional changes in the food habits of such mammals over defined time periods may provide important clues for designing and implementing effective management practices, for evaluating practices already in effect, or both.
Bears respond quickly to changes in food availability (Mattson et al. 1991; Naves et al. 2006) . The Asiatic black bear (Ursus thibetanus) is one of the largest mammals inhabiting Honshu and Shikoku islands, Japan (Yamazaki 2009 ). Some populations are isolated and threatened, and the species has been designated as vulnerable on the IUCN Red List (Yamazaki 2009 ). The Tanzawa Mountains, approximately 100 km west of Tokyo, host one of the nearest bear populations to Tokyo. The bears of the Tanzawa area are isolated from other populations by highways, agricultural areas, cities, and large rivers (Hazumi et al. 1997) . The 1st research on the Tanzawa bear population included fecal analyses, a capture and recapture survey, and a genetic diversity survey. Hazumi et al. (1997) captured 24 bears, attached very-high-frequency collars, and tracked the bears from 1988 to 1996. Most bears used the entire Tanzawa area, from low to high elevations. The bears, however, had low genetic diversity. Therefore, the Tanzawa population had low frequency genetic exchange with neighboring populations. Until now, however, only 2 peer-reviewed papers have been published: a scat analysis of the food habits of Tanzawa bears (Naganawa and Koyama 1994 ) and a habitat evaluation using geographic information (Doko et al. 2011 ). This population is endangered based on its limited population size. A capture-mark-recapture analysis in 1989-1995 estimated 30 bears (Hazumi et al. 1997 ), a hair-trap study from 2006 to 2008 found a minimum of 35 bears (Wildlife Management Office Inc. 2009 ), and geographic information modeling predicted 26 bears (Doko et al. 2011) .
Prior to 1997, few humans interacted with bears in the Tanzawa area (Hazumi et al. 1997) . The numbers of sightings have increased, however, as have conflicts in which people have been injured near low-elevation human settlements (number of conflicts before 1990: unknown; 1991 -2000 2001 : 5 [Japan Bear Network 2011 Wildlife Management Office Inc. 2007] ). In addition, bears have intruded into homes, damaged bee hives and fruit trees, and been sighted within settlements (Japan Bear Network 2011; Wildlife Management Office Inc. 2007) .
Why conflicts and sightings in Tanzawa are increasing is unknown. Changes in the bears' habitat may have occurred. Structure and composition of the natural forests in the highelevation protected areas of Tanzawa have changed over the past 2 decades due to overabundant sika deer (Cervus nippon), air pollution, climate change, and abnormal insect outbreaks (Furubayashi 1996; Research Group of Tanzawa Mountains 2007; Tamura 2008) . Most areas greater than 1,400 m above sea level have changed from natural Fagus crenata forest to grassland (Research Group of Tanzawa Mountains 2007) . In particular, about 20% of the area of Mt. Hinokibora (1,601 m above sea level) has changed.
We hypothesized that the habitat quality of the Tanzawa area has changed and that these changes have affected the bears' ecology, especially their food habits. In particular, 1st, we hypothesized that given that sika deer have overbrowsed the study area in many places, vegetation that has been removed by sika deer should be less important in the diets of bears post-2000. Similarly, 2nd, we hypothesized that the increase in the sika deer population suggests that sika deer should be more common in the post-2000 diet than in the pre-2000 diet. Third, we hypothesized that the fruiting phenology of plants has changed due to climate change, and it has affected bears' foraging habits, especially usage timing, because bears' main diet is wild fruit and the available period of each species short (Koike 2009 ). To test these hypotheses, we compared the food habits of 2 time periods for each season, prior to 2000 (pre-2000) and after 2000 (post-2000) using fecal analysis because bears' diet changes throughout their active season. Fourth, we hypothesized that because habitat conditions have become worse bears move to the low-elevation areas to eat unnatural food such as garbage or agricultural produce. To test this hypothesis, we analyzed the carbon and nitrogen stable isotope ratios of hair samples collected over the past 40 years because fecal analysis can identify specific food items, but only for the previous few days. For carbon and nitrogen stable isotope ratio analysis, an increase in the d 13 C value means more C 4 plant material (i.e., corn) was consumed, whereas an increase in the d 15 N value means more animal-derived protein (i.e., insects, vertebrates, and garbage) was eaten (Mizukami et al. 2005a (Mizukami et al. , 2005b . We used these indirect sampling methods because they are complementary because the bear population occurs at low density, and direct observations of foraging are difficult to obtain.
MATERIALS AND METHODS
Study area.-Tanzawa (35828 0 N, 139809 0 E) is located west of Tokyo close to the Pacific coast, in Kanagawa Prefecture, central Japan (Fig. 1) . Most of the region was designated as Tanzawa-Oyama Prefectural Natural Park or Tanzawa-Oyama Quasi National Park (hereafter called Tanzawa area, 389 km 2 ). The study area was characterized by steep slopes and narrow valleys, with the highest elevation being Mt. Hirugatake at 1,673 m above sea level. Although human depopulation of the rural parts of the study area occurred, the area was still fragmented by numerous residential areas, highways, and large rivers. The climate of the study area was typical of areas along the Pacific Ocean, with heavy rainfall in summer and little snow in winter. The mean annual precipitation was 231 cm The mountainous area was mostly covered by forest vegetation, with natural forests and conifer plantations (Cryptomeria japonica or Chamaecyparis obtusa) below 1,000 m above sea level. Natural forests at low elevations (below 800 m above sea level) were dominated by Castanea crenata and Quercus serrata, and at high elevations (above 800 m above sea level) were dominated by Quercus crispula, F. crenata, and Abies homolepis.
The total number of hunting and nuisance deer kills in Kanagawa Prefecture (408 in 1985, 466 in 1990, 627 in 1995, 610 in 2000, 715 in 2005, and 1,510 in 2010) indicates substantial increases in the deer population. The population has now reached densities high enough (9.7-63.6 deer/km 2 -Kanagawa Prefecture 2007) to affect ecosystem function by stripping the bark off woody plants and reducing the forest floor vegetation, such as Sasa spp., cover in high-elevation protected areas (Kanagawa Prefecture 2003 .
Fecal analysis.-From 2001 to 2010, we collected fecal samples from April through November along 8 survey routes (mostly trails) totaling 19.2 km and ranging from 140 to 1,500 m above sea level. Routes represented the relative proportions of each type of forest cover in the survey area of Naganawa and Koyama (1994) and included both mountain ridges and valleys. We also collected bear feces opportunistically during other surveys. Naganawa and Koyama (1994) surveyed feces at locations utilized by radiotracking the bears.
We processed our samples in all ways as did Naganawa and Koyama (1994) . We froze feces until they were analyzed. We washed all samples through a series of sieves (2.0-, 1.0-, and 0.5-mm mesh) to separate the food residues by size, then the foods were identified to the lowest possible taxon. We determined the percent frequency of occurrence and percent volume of each food category for each season. The seasons were defined as follows: spring, prior to 31 May; summer, 1 June-20 August; and autumn, after 21 August. The percent volume of each food item was visually estimated at 1 of 5 levels: ,1%, 1-25%, .25-50%, .50-75%, and .75-100%; these were assigned nominal values of 1%, 12.5%, 37.5%, 62.5%, and 87.5%, respectively. We calculated frequency of occurrence and percent volume of items following Mealey (1980) 
Plant species were identified from seeds by comparison to plant samples collected in the study area. Sika deer were identified from hair and, thus, we may have underestimated the percent volume of sika deer in the diet. Some of the seeds could be identified only to genus, for example Akebia and Quercus. We compared the dietary differences between the pre-2000 and post-2000 periods. However, we could not statistically analyze the spring and summer data because we collected only 4 springtime and 11 summertime fecal samples in the post-2000 period. Thus, we used a single chi-square test to compare the frequencies of occurrence of all the foods in autumn between the 2 time periods (e.g., pre-2000 and post-2000) and applied Bonferroni Z-tests to clarify which foods changed significantly in the autumn diet.
We used Levins B (Levins 1968) to quantify food breadth for both time periods. We standardized the index to B sta following Colwell and Futuyma (1971) to allow comparisons of diet breadth between the 2 periods. Values of B sta range between 0 (maximum dietary specialization) and 1 (maximum dietary breadth).
Carbon and nitrogen stable isotope ratio analysis.-Hair is an excellent material for stable isotope analysis because it is easy to collect, store, and pretreat, and it retains information on the diet consumed during its growth (Nakashita 2006) . Furthermore, the hair of the Asiatic black bear grows continuously during the active season (late spring to autumn), so we can estimate the overall diet during this period (Nakashita 2006) and evaluate changes in diet by analyzing different positions along the length of the hair. For example, the root of a hair sample taken from a bear in the autumn reflects autumn foraging habits whereas its tip reflects the diet in late spring. Thus, we could correlate specific lengths of hair with specific foraging seasons.
To collect hair samples of bears formerly living in the Tanzawa mountains, we searched for stuffed specimens, bear skins, and bear trophies at local museums, public offices, schools, and hunters' residences. As a general rule, we selected samples culled in the mountainous areas of Tanzawa as well as at hair-trap sites. We collected only samples for which we knew the capture area and time. We confirmed the data using the hunting statistics of the local government or museum bulletins. We collected entire hairs, including the roots, from the back and shoulders of culled bears, because the hair growth patterns of these areas were known (Nakashita 2006) . Hair samples were stored in paper bags and transferred to the laboratory without treatment.
In 2006 (Wildlife Management Office Inc. 2009 ), but the hairs themselves remained and were available for the isotope analyses reported here.
We analyzed carbon and nitrogen stable isotope ratios in hair using a method similar to that of Mizukami et al. (2005a Mizukami et al. ( , 2005b . The samples were rinsed with a 2:1 chloroform : methanol solution to remove lipids and were then air-dried. Hair samples were processed as follows. Hair samples were cut into 5-mm sections from root to tip. The back hair of adult Asiatic black bears grows at a relatively constant rate of approximately 0.5 mm per day (Nakashita 2006) . To minimize errors caused by individual differences in hair growth rate, we used hair sections grown in July to represent the summer diet and those grown in October to represent autumn. We selected one 5-mm section from each chosen hair for each season, sometimes selecting sections from multiple hairs of the same bear, and these sections were enclosed in a tin cup and combusted in a FlashEA1112 elemental analyzer (ThermoFisher Scientific, Bremen, Germany) interfaced to a Delta V isotope ratio mass spectrometer (ThermoFisher Scientific) to determine carbon and nitrogen isotope ratios.
The results, presented in d notation as parts per thousand (%) relative to R standard , were calculated as follows: (Mizukami et al. 2005a (Mizukami et al. , 2005b . The relative proportions of these dietary components over defined time periods can be determined by the isotopic signatures of carbon and nitrogen in bear hair. To select the better of a null model versus one including sampling period, we used Akaike's information criterion (AIC). The AIC for each model quantified its parsimony (based on the trade-off between model fit and the number of parameters included) relative to other models considered. For each candidate model, we divided this likelihood by the sum of all models, and compiled the Akaike weights (w i s). We conducted these analyses using the 'dredge' function in the MuMIn package (version 1.0.0-Barton 2009).
RESULTS
Fecal analyses of pre-2000 and post-2000 diets.-We analyzed a total of 46 fecal samples from the 10-year post-2000 period (3, 0, 0, 0, 1, 3, 10, 10, 10, and 9 for each year, respectively). In the pre-2000 period, Naganawa and Koyama (1994) analyzed 250 fecal samples. Table 1 lists the main food categories and shows the frequencies of occurrence and percent volumes for each category in the pre-2000 and post-2000 periods by season.
The diets of the Tanzawa bears showed clear seasonal changes (Table 1 ). The dominant foods in spring were green vegetation, primarily Sasa spp. and other plants, such as herbs and young leaves of trees. In summer, berries (Prunus spp.), succulent plants (e.g., Arisaema spp.), and green vegetation composed most of the diet. In autumn, mostly berries, nuts, and acorns were consumed. Plant materials dominated most fecal samples in all 3 seasons, whereas animal materials, particularly the eggs and pupae of colonial insects, such as ants and wasps, as well as cave crickets and sika deer, were eaten more often in summer and autumn.
We The locations of all samples are shown in Fig. 1 . Because stable isotope analysis required that the hairs be in good condition and that a sufficient number of hairs be available for each bear, we analyzed only 18 samples (7 kills from pre-2000 and 7 kills and 4 hair-trap samples from post-2000). We used only 4 samples from 2 hair traps because the other hair-trap samples were too small to analyze. These samples were collected in November 2008 from 2 males and 2 females. Because of the structure of hair traps, these bears could not have been cubs or yearlings.
The 7 pre-2000 kills (5 males and 2 females) were subadults or adults and were hunted only in mountainous areas of Tanzawa. Although the actual kill dates (month and day) were unknown, all kills occurred during the Japanese hunting season, between 15 November and 14 February. Annual hair growth has stopped by November (Nakashita 2006) , so these samples could be used to estimate feeding history. The kills were taken in 1973, early 1970s, early 1980s, late 1980s, 1989, 1992, and 1995. The 7 post-2000 kills included 5 hunting kills and 2 nuisance kills. The 5 hunting kills (3 males and 2 females, all adults) occurred in 2000, 2004, 2005, 2008, and 2009 . The two male nuisance bears were killed on 13 May 2007 and 12 September 2007. One was killed by a deer hunter when it attacked. Another was captured in a wild boar trap and was killed by a hunter. Thus, neither of these nuisance bears had been raiding garbage or farms and were likely to have had representative diets. The hair of the bear killed in May reflected the previous year's foraging.
In pre-2000 (1989 -1993 -Naganawa and Koyama 1994 ) and post-2000 (2001 , this study) time periods. The seasons were defined as: spring, prior to 31 May; summer, 1 June-20 August; and autumn, after 21 August. Pre-2000 Post-2000 À24.0% to À21.4% and À0.5% to 2.3%, respectively. There were no differences in either d 13 C or d 15 N among the 17 bears sampled because null models were better supported in both cases (Table 2) .
DISCUSSION
Autumnal diets differed between the pre-and post-2000 periods. We hypothesized that most of these dietary changes were due to the increased deer population in the Tanzawa area since the 1980s. Tamura (2008) indicated that vine and forest floor vegetation were especially sensitive to deer foraging, because deer prefer the bark of these trees or the shoots of Sasa spp. (Furubayashi 1996) ; in other words tall, long-lived tree species, such as Quercus, were not immediately affected. Also, browsing by overabundant deer affects the aridification of soil, and it may affect the demography of colonial insects. Thus, increased deer browsing may reduce food availability to bears in the Tanzawa area, causing the bears to use multiple alternative food resources. However, because seedlings of most tree species are destroyed by deer browsing, decreasing tree recruitment (Tamura 2008) , when current tall, long-lived tree species eventually die bear food availability will be diminished by an even greater amount. For future conservation, healthy forest succession is needed to maintain food resources for wildlife.
Stable isotope analyses also indicated that higher d 15 N values occurred in the post-2000 summer period. The increases in d
15 N found in this study suggest that bear feeding habits had changed to include more animal materials during the summer in the Tanzawa area. The only dietary component that increased significantly in the fall diet of Tanzawa bears was deer, shown by our fecal analysis data. The d
15 N values also may have been affected by deer abundance. Hazumi et al. (1997) reported that Asiatic black bears consume deer carcasses; however, deer most frequently die of natural causes in spring (Furubayashi 1996) . Whereas the fecal analysis of Naganawa and Koyama (1994) found no deer consumption in spring, our analysis revealed a frequency of occurrence of 75% in spring, although the sample size was very small (n ¼ 4 feces). This apparent increase in deer consumption in spring may reflect an increase in the natural death rate of deer as the population increased. In contrast, it is unknown why the frequency of deer in bear feces increased in summer and autumn. Sato et al. (2004) found that brown bears (Ursus arctos) in Hokkaido, Japan, have changed their food habits as the deer population has increased over the past 2 decades. They noted a decrease in the consumption of herbaceous plants and increases in deer meat and agricultural crop consumption, with the bears actively feeding on the carcasses of deer that had been culled as nuisances. In Tanzawa, since 2003, lethal nuisance control has occurred during both summer and winter in the protected area, which is the main habitat of bears in the Tanzawa area (Hazumi et al. 1997; Kanagawa Prefecture 2007) . The laws of Kanagawa Prefecture specify that deer carcasses be buried or removed. However, because Tanzawa has a steep and rocky terrain, removal or burial may be difficult to effectively implement. Thus, the bears may have had access to culled deer carcasses during our study in summer and autumn. In the future, deer carcasses should be monitored to determine whether and how bears use them.
On the other hand, the autumnal d 15 N values did not change between the 2 study periods; however, we found more deer present in bear feces after 2000. In absolute terms, bears may have increased their fall usage of deer over the 22-year study period. The relative increase in deer meat compared to other foods eaten in fall may not have been sufficient to cause a detectable increase in d 15 N. Bears enter a hyperphagic phase in autumn to prepare for hibernation; they must consume large quantities of food with high calorie levels and thus give priority to collection efficiency (bulk fruit) over quality (nutritive value). Thus, the autumn d
15 N values may not have changed between the 2 study periods, although the bears may have actually consumed more deer after 2000 than before.
Only 1 outlier bear in the post-2000 period had higher d 15 N values in both summer and autumn than other bears; it may have fed on garbage or farmed fish (Mizukami et al. 2005b ) more frequently throughout the year than other Tanzawa bears. Recently, bear sightings and conflicts in low-elevation areas, where unnatural food resources such as garbage are abundant, have increased in frequency (Japan Bear Network 2011). Intrusions near human settlements also are common (Wildlife Management Office Inc. 2007 ). However, our results suggest that most Tanzawa bears have not increased their use of these unnatural food resources in recent years.
Although our summer fecal sample sizes post-2000 were too small to statistically analyze the frequencies of specific foods in the diet, we expected that the fruiting phenology of plants may have changed between the pre-2000 and post-2000 periods, in turn affecting bears' foraging habits. Our results showed that P. grayama increased in summer season and decreased in autumn season. Prunus species have been strongly influenced by recent climate change, especially with respect to leaf unfolding and flowering (Doi et al. 2010) . Similarly, in Tanzawa, increasing temperatures have been recorded for the past 3 decades (average increase of 0.468C/10 years in the Yamanakako area-Research Group of Tanzawa Mountains 2007). Thus far, there are no reports of changes in fruiting time in Japan, but rising temperatures are likely to have changed the fruiting period along with the flowering period. Climate change is known to impact bear ecology in some situations, and longterm monitoring data will be invaluable to understand the effects of climate change on the bears (Serveen 2011) . Future work should focus on how climate warming may alter the food habits of bears in the Tanzawa area by changing the phenology of their food plants.
Long-term food habit studies related to environmental changes are rare for bears. Côté (2005) reported on the relationship between overabundant white-tailed deer (Odocoileus virginiana) and American black bears (Ursus americanus) on Anticosti Island. Bears captured and consumed fawns in spring, while white-tailed deer (Odocoileus virginiana) were the most important food source for bears in early autumn on the island. Although the abundance of fawns probably contributed to the spring diet of the bears and perhaps slowed bear population decline, in autumn, when bears are in hyperphagy and need to accumulate body reserves, young deer are more difficult to catch because they are older, so contributed less to bear diet. Rodríguez et al. (2007) suggested that global factors such as climate change caused a decrease in boreal and temperate food items in the diet of brown bears and increased the contribution of southern foods, suggesting that warmer temperatures might affect the diet of bears by changing plant distribution and phenology. At the local scale, a high cattle density in one of the study areas limited food sources available for brown bears. Thus, the relative contributions of other foods may increase or decrease secondarily to these larger-scale trends as bears compensate nutritionally for the changes in their diets. Because of this complexity, we should not oversimplify our assumptions about the effects of several factors on ecological processes and biodiversity.
We demonstrated that deer overabundance has apparently resulted in 2 major changes: bears eat more deer, and deer compete with bears for important bear foods, causing a reduction in feeding on those foods. However, our results could not clarify whether habitat quality has affected bear behavior or whether climate change has affected the bears' food habits. Because we can clarify long-term dietary changes over 20 years and indicate the effectiveness of the bear diet as an ecological indicator, further studies are needed to determine whether the dietary changes observed here reflect a general trend in the bear population of the Tanzawa area.
